rubella virus interference. The results indicate that the presence of rubella virus in the cell does not in itself exclude multiplication of other viruses and that rubella virus interference appears to be linked to the capability of the cell to produce interferon.
Cytopathic changes are slight or absent in many kinds of mammalian cells infected with rubella virus, but the virus conveys resistance to superinfection with a large number of unrelated viruses (16) . The interference does not affect the uptake and eclipse of the challenge viruses and thus resides at an intracellular level (11, 21) . The interferon system represents the only known mechanism of heterologous viral interference which is characterized by these properties, and interferon has been found in tissue cultures infected with rubella virus (15, 17) . These and other analogies have led some authors to suggest that rubella virus interference is mediated by the interferon system (5, 15, 26) . However, other reports have indicated that the rubella virus genome may be directly responsible for the interference with Newcastle disease virus (10, 11) . There also is the possibility that the activity of an interferon system in cells infected with rubella virus is merely coincidental or ancillary. The mechanism of rubella virus interference, whether or not it is mediated by the host cell genome, could be unrelated to interferon. The use of cells which are defective in the production of interferon or are insensitive to interferon could provide a clue as to whether rubella virus interference is basically dependent upon the interferon system. This study reports the finding that a stable line of African green monkey kidney cells (Vero) is defective in its production of interferon but is sensitive to the action of interferon, and describes the replication of certain viruses in such cells coinfected with rubella virus.
MATERIALS AND MErHODS
Tissue culture. Vero cells, a stable line of African green monkey kidney cells (27) , were kindly supplied by J. S. Rhim of Microbiological Associates, Bethesda, Md. (22) in their 140th passage and were used after 5 to 15 additional passages. BSC-1 cells (8),
another stable line of African green monkey kidney cells, were obtained from laboratory stocks (19) . Newborn foreskin fibroblasts were grown as described (4) and were used between passages 10 and 20. Primary chick embryo cell cultures were prepared from 10-day-old embryonated eggs. Primary African green monkey kidney cells (pGMK) were grown as described (13) . With the exception of the latter cells (13) , the growth medium consisted of Eagle's medium supplemented with 0.75 g of sodium bicarbonate per liter, 10% fetal bovine serum, 100 units of penicillin per ml, 100,ug of kanamycin per ml, and 50 units of mycostatin per ml. In maintenance medium, 1.5 g of sodium bicarbonate per ml and 2% fetal bovine serum were substituted. Agar overlays, 4 ml per 6-cm plastic petri dish, contained the same constituents as the growth medium plus 1.2% Difco agar and 25 mg of neutral red per liter. The sodium bicarbonate content of the medium of all cultures incubated in a 5% CO2 atmosphere was 2.25 g/liter. The incubation temperature was 37 C.
Viruses. Rubella virus R-1, isolated from thyroid tissue culture of an infant with congenital rubella (21) and prepared in BHK21 cells (24) , was assayed in BSC-1 cells by a previously published modification (20) of the hemadsorption-negative plaque test (10 
RESULTS
DeJectiveness of interferon production in Vero cells. The Vero cell line was selected for study as a possible candidate for a defective interferon system. The defective system was suspected because a small inoculum of rubella virus in pGMK fails to replicate to maximal titers [which has been explained (26) by the activity of endogenous interferon], whereas the virus grows to high titers in Vero cells regardless of the size of the inoculum (9). BSC-1 cells (rather than pGMK) were selected for control purposes, because it was found that the response of BSC-1 cells to interferon and their production of interferon was comparable to that of pGMK, and this cell line gave more consistent results than did (16, 20) .
The results of comparative attempts to produce interferon with NDV in Vero, BSC-1, and foreskin cells and to assay interferon in the same cells are given in Table 1 (20) , by development of CPE in Vero cell tube cultures (9, 22) , and by interference with the development of echovirus CPE in BSC-1 cells as originally described in pGMK cells (16 (20) . Vero cell monolayers in petri dishes were inoculated with different dilutions of rubella virus, incubated under fluid medium, and challenged with NDV after 1, 2, 3, and 4 days. Since NDV hemadsorption was found to develop at about the same rate in noninfected Vero cells as in BSC-1 (20) and in pGMK (10) cells, erythrocytes were added at the same time as to the other cell types, i.e., after 15 to 18 hr. No hemadsorption-negative plaques or inhibition of NDV hemadsorption was seen in Vero cells infected with rubella virus. Sheep erythrocytes were adsorbed to Vero cell monolayers whether or not they were infected with rubella virus and without regard to the size of the rubella virus inoculum or of the time they had been infected. Treatment with NDV antiserum after adsorption of NDV, designed to avoid spurious binding of erythrocytes (10), did not result in the appearance of plaques. Hemadsorption-negative plaques developed in control cells, which included pGMK, BSC-1, human embryonic fibroblasts, and three strains of human foreskin cells, and in CV-1 cells, another stable line of African green monkey kidney origin.
The above results with NDV and echovirus suggested that challenge virus may multiply in single Vero cells which were coinfected with rubella virus. However, an alternative explanation would be that relatively few Vero cells were infected with rubella virus at any time and with any inoculum. The following experiments were performed in Vero cells to establish and to measure maximal infection with rubella virus. Vero cell monolayers were infected with rubella virus at an MOI of 0.1 to 1. After 4 days of incubation, part of the cultures was infected with NDV at an MOI of 10 and further processed for the single-cell hemadsorption test, as described by Marcus and Carver (11) . The (2) , nor has the production of interferon in amounts too small for detection been excluded. However, the data strongly suggest loss of, or interference with, the transcription or translation of the genetic information which codes for interferon production. The sensitivity of Vero cells to exogenous interferon supports the concept that the afferent and efferent pathways of the interferon system are controlled by different genetic loci.
Rubella virus is unusual among human viruses in its lack of production of CPE coupled with interference with the replication of a large number of unrelated viruses. It would seem that a single intracellular mechanism is responsible for such interference in different cells and with different viruses. Rubella virus interference may be due to any of the following mechanisms. (i) It may be conveyed by the virus genome, the host cell genome playing no part. Studies of rubella virus interference with NDV replication in pGMK cells using dactinomycin (10, 11) , an inhibitor which essentially blocks DNA transcription, supports the conclusion that such a mechanism is indeed operative in this case. In Vero cells, however, NDV hemadsorption develops equally well whether or not the cells are coinfected with rubella virus. The data indicate that the presence of replicating rubella virus does not in itself exclude the replication of NDV and that rubella virus interference is not solely a function of the rubella virus genome. The loss of rubella virus interference to NDV replication in pGMK cells, when the rubella-infected cells were dispersed by trypsinization (11) , is compatible with this conclusion. (ii) The interference could be mediated by the host cell genome in a manner unrelated to interferon. (iii) The interference could be mediated by the host cell genome through the interferon system; that is, rubella virus may convey interference by the production of interferon or by inducing any other step in the interferon pathway leading to the production of translation-inhibitory protein (12) . Studies of rubella virus interference with VSV and poliovirus in pGMK cells combined with the use of dactinomycin (26) have led to the conclusion that rubella virus interference in most, if not in all, instances is mediated by interferon. However, the data upon which this conclusion was drawn are compatible with any mechanism involving transcription of the host cell genome, and the interferon system could either provide the sole mechanism of interference or act as an auxiliary mechanism. The simultaneous occurrence of the two unusual characteristics of defectiveness in interferon production and absence of rubella virus interference in Vero cells is highly suggestive of a causal relationship between the two properties. A definite clarification of the problem awaits tools to study production, fate, and activity of interferon at the level of the same cell. The present data, however, bring support to the hypothesis that rubella virus interference is mediated through the interferon pathway and at the initial step of interferon production.
